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APPLICATION OF SHIPOPT TO PRELIMINARY DESIGN OF COMMERCIAL SHIPS

Colin S. Moore
Naval ARchitect
Giannotti & Associates Incorporated
Berkeley, California

Mr. Moore has over 5 years experience in the design of vehicles and plat-
forms for the marine environment. He is actively involved in ocean plat-
form and ship design and analysis, including development and evaluation
of platform concepts for shelf-mounted ocean thermal energy conversion
(OTEC) systems, and has been involved in various ship design and modifi-
cation projects, structural engineering calculations, including finite
element analysis procedures and intact and damaged stability studies.

Mr. Moore holds a BS degree in physics and astronomy from the University
of British Columbia, and a MS degree in naval architecture from the Uni-
versity of California at Berkeley. He is a member of SNAME.

Allan T. Maris
Chief Engineer
Giannotti & Associates Incorporated
Berkeley, California

Mr. Maris has provided engineering design, analysis and management ser-
vices to the commercial and U.S. government shipping organizations for
nearly 20 years and has extensive experience in design and analysis of
submersibles for the U.S. Navy, Ocean Thermal Energy Conversion (OTEC)
platforms and cold water pipes for the U.S. Department of Energy, tank
ships for Chevron Shipping and cargo ships for Farrell Lines and the
Trust Territories of the Pacific.
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Mr. Maris holds a Professional Engineers License in Naval Architecture
and Marine Engineering from Washington State, a bachelors degree (naval
architecture/marine engineering) from the University of Michigan, a mas-
ters of engineering degree (naval architecture) from the University of
California, and has completed business management studies at the Univer-
sity of California. He is a member of the American Bureau of Shipping
Special Committee for OTEC and the Society of Naval Architects (Northern
California) Executive Committee.

ABSTRACT

The theory and results of applying computer-aided ship structure optimiza-
tion procedures to design of a.new.ferry for southwestern Alaska routes
is presented, and.is called SHIPOPT. It has been developed by Professor
Owen Hughes of the University of New South Wales, Australia, and has had
recent application by Giannotti and Associates Inc, to structural de-
sign of U.S. Navy ships. Ship optimization is a rationally based, inter-
active procedure which recognizes prescribed design constraints and opti-
mizes within those constraints ship structural scantlings and geometry
for strength, weight, and cost. The structural constraints typically
considered are allowable shear and bending stresses, buckling loads,
fatigue life, weight, and ship arrangements, based on commercial or reg-
ulatory body requirements.
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1) SCOPE

2) METHODOLOGY

3) APPLICATION (GENERAL) OF SHIPOPT

4) APPLICATION (SPECIFIC) OF SHIPOPT

5) ACCESSIBILITY/HARDWARE REQUIREMENTS

SHIPOPT PROVIDES:

- A RATIONALLY BASED TOOL FOR PRELIMINARY SHIP
DESIGN THROUGH;

- A FAST, EFFICIENT, LOW COST, STRUCTURAL ANALYSIS
AND OPTIMIZATION PROGRAM WHICH;

- ALLOWS DESIGNER INPUT OF SAFETY AND FUNCTIONAL
CONSTRAINTS AND OPTIMIZATION MEASURES OF MERIT,

RATIONALLY BASED PRELIMINARY
STRUCTURAL DESIGN
1) RESPONSE ANALYSIS
2) CAPABILITY (OR LIMIT STATE) ANALYSIS
3) RELIABILITY BASED STRENGTH CRITERIA
4)  NONSTRUCTURAL CRITERIA
5) OPTIMIZATION

6) INTERACTIVE MODE OF OPERATION
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INITIAL DESIGN DATA
v

ANALYZ

FINITE ELEMENT ANALYSIS
OF WHOLE STRUCTURE

¢ 3

EVAL

LIMIT STATE
ASSESSMENT OF STRAKE &
EVALUATION OF CONSTRAINTS
FOR CURRENT DESIGN VARIABLES

!

DESIGN

PROBLEM LINEARIZATION:
OPTIMIZATION BY
SEQUENTIAL LINEAR PROGRAMMING

l

e

STRAKE DESIGN SATISFACTORY?

STRAKE-BY-STRAKE REDESIGN

©YES

v

e

AL STRAKES DONE?  >>—o—»

YiS

<

OVERALL DESIGN CONVERGED? >0

I

FINAL DESIGN

SHIP DESIGN CYCLE




APPLICATION (GENERAL) OF SHIPOPT

BENEFITS

LIMITATIONS

STARTING POINT

RESULTS

BENEFITS (OF STRUCTURAL ANALYSIS>

STRUCTURAL ASSESSMENT AND DESIGN REVIEW

INVESTIGATION OF SAFETY FACTORS

INVESTIGATION OF ALTERNATIVE DESIGN LOADS

ASSESSMENT OF STRUCTURAL DAMAGE OR CORROSION

BENEFITS (OF OPTIMIZATION)

I FIRST ORDER
- REDUCED COST AND WEIGHT
— INCREASED PERFORMANCE (E.G., LOWER VCG)
- COST VS. WEIGHT
I SECOND ORDER
- REDUCED WEIGHT IMPLIES LOWER RESISTANCE
THUS LOWER MACHINERY WEIGHTS
I THIRD ORDER

- REDUCED MACHINERY WEIGHT IMPLIES FURTHER
REDUCTION IN LOCAL SCANTLINGS, OVERALL
WEIGHT, RESISTANCE AND COST
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SHIPOPT ABILITIES

COMPREHENSIVE 3-D STRUCTURAL ANALYSIS AT EACH
STAGE

EXPLICIT CALCULATION OF ULTIMATE STRENGTH OF ALL
PRINCIPAL MEMBERS

FAST CYCLE TIME

ABILITY TO REPEAT A PRELIMINARY DESIGN
ALTERNATIVE STRUCTURAL CONFIGURATIONS
STANDARD SECTIONS

USER DEFINED MEASURE OF MERIT; CONSTRAINTS

LIMITATIONS

- PRISWATIC MODEL
- SYHMETRIC ABOUT

- STATIC OR QUASI-STATIC LOADING ONLY

STARTING POINT

- LOADS

STRUCTURAL DEFINITION
STIFFENERS AND PLATES
STRAKES

BHDS,

MODULE

CONSTRAINTS

PARTIAL SAFETY FACTORS

504



é -—-——7—7 ./ ,

/ K Bt/ ///

T/\W\@%’ /-
/\\\ NS~ AW

\ NN~ Ry 1/

K//ﬁ%ﬁ/// ‘V |
iy \_

Tyil lSthckfe>_L/ \ = .[/",," \f\‘i-

R Y AN =

,i«.-V A
.}. | 277

/

! //// ,4/ o
-(f‘f ”D/ mosoS N |

< _ ciitfeorne ; a2 b
g a? A S e B T ‘ Lr—gw ,,
L \ ’
\\n:aﬁc: \ /7
\‘ \\ I’

505




RESULTS

= ANALYSIS

NODAL DEFLECTIONS

STRESSES

MINIMUM CONSTRAINTS FUNCTION
LOCATION IN STRAKE

STATISTICAL FEASIBILITY SUMMARY

RESULTS

I OPTIMIZATION

- CONSTRAINT FUNCTION VALUES
- ACTIVE CONSTRAINTS

- STATISTICAL FEASIBILITY SUMMARY

APPLICATION (SPeCIFIC)

I TEST CASES

I ALASKA FERRY

HuLL CutouTs

VEHICLE DEeEck

SUPERSTRUCTURE

ExTrReEME HEAvY WEATHER
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COST INDEX
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HARDWARE

1) MAIN FRAMES

2) "SUPER-MINI ,

ACCESSIBILITY

1) OWEN HUGHES

2) GIANNOTTI & ASSOCIATES
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Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center

The University of Michigan
Transportation Research Institute
Marine Systems Division

2901 Baxter Road

Ann Arbor, Ml 48109-2150

Phone: 734-763-2465
Fax: 734-763-4862
E-mail: Doc.Center@umich.edu




